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ARCHITECTURE TRADE STUDY

Centralized and distributed avionics architecture concepts are
proposed for the pumped and pressurized LRB vehicles. The
centralized versions minimize the control interface to the orbiter by
introducing OIA units (for Orbiter Interface Assembly). The OIA
interfaces a serial databus from the orbiter to diverse LRB avionics
signals. The LRB avionics whose functions are not engine-oriented
are handled architecturally the same as in the SRB.

The baseline architecture uses EC (engine controller) and TVC
(thrust vector control) units based on the SSME EC and ATVC units.
The SSME has a triple redundant serial bus to interface with the
orbiter GPC. The ATVC has all analog and discrete interfaces. These
signals are funnelled to quad redundant OIA's to maintain the two
failure tolerant control requirements.

The pressurized LRB avionics architectures reflect a desire to
mechanize the engine control and thrust vector control functions in

one unit if permitted by engine control complexity reduction.

BIM29/s



STS Integration Impacts

Architecture impact upon STS integration for the avionics is in
the areas of the orbiter interface. A centralized architecture
minimizes the interface by collecting LRB functions and funnelling
them to a minimum number of serial buses. Orbiter hardware

revisions are also minimized due to less interface.

C D
PU PR PU PR
Interfaces 4 4 16 12
Score (10) (10) (2) 3)

DDT & E Costs

DDT & E cost of a centralized architecture will be more than the
distributed architecture due to an increased number of components
required to do the centralized control.  This cost differential may be
cancelled by orbiter costs, however, to handle the additional

interfaces of a distributed architecture.

C D
PU ER PU PR
LRU TYPES 3(3) 2(5) 2(5) 1(10)
SW LRUS 8(5) 8(5) 8(5) 4(10)
8 10 10 20
4 5 5 10
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Life 1 t
DDT & E + Production + Operations

[
PU PR PU PR
DDT & E(other sheet)
Score (4) (5) (5) (10)
Pr i
Component count 12 8 8 4
sC (3) (3) (3) (10)
Qperations
I/F count 4 4 12 8
(10) (10) (3) (3)
Total sc 17 20 13 25
' 7 8 5 10
Operational Complexity
Function of number of LRUs and interfaces °
C
PU PR PU PR
LRUs 12 8 8 4
I/F 4 4 12 8
16 12 20 12
(8) (10) (6) (10)
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Recovery/Reusabilit

Inverse functions of LRU count (amount of refurbishment

required).
C D
PU ER PU PR
LRU count 12 8 8 4
score (3) (5) (5) (10)
Safety/Reliabili
Inverse of LRU count
C D
PU PR PU PR
12 8 8 4
(3) (5) (3) (10)

Growth/Evolution

Centralized better since interfaces are not overloaded (inverse

functions of interface)

c D
PU PR PU PR
I/F 4 4 12 8
(10) (10) (3) (3)
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Weight
Centralized heavier due to added LRUs:
(~680 vs 560)
C=(30+ 100 +40) x 4 = 680
D= (100 + 40) x 4 = 560

C D
PU PR PU PR
680 520 560 400
(3) (8) o)) (10)
ntegrati
Function of the number of LRUs
( D
PU PR PU PR
LRU count 12 8 8 4
score (3) (5) (5) (10)
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EXPENDABLE LRB, EXPENDABLE LRB AVIONICS

PUMP FED ONLY

INTERFACE BLOCK DIAGRAM
|
<4 I —_—
ORBITER I LIQUID RCCKET BOOSTER
AVIONICS l LRB
o FUIGHT CONTROL
+ EVENT SEQUENCING T ™ AVIONICS > PROPULSION
. | g * ENGINE CONTROL
' A _’ SEPARATION
. SHUTTLEFLTSYs | | SUBSYSTEM
- GROUND OPS 1
« INTERFACING SYS |
| ELECTRICAL
- | > POWER
LAUNCH PROCESSING !
SYSTEM l | » RATE GYROS
RANGE SAFETY
] DESTRUCT ASSY
HYDRAULIC

> POWERUNIT
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ANALOG/
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DATA
BUS

LPS INTERFACE +

DATA
BUS

EXPENDABLE PRESSURE FED LIQUID INJECT TVC

POWER

LRU_

WT(Ibs)

PWR(W

QUANT

TOTAL
WT(ibs]

TOTAL
PWRW]

TOTAL
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ATVC1

MDMI1

ATVC2
ATVCS

MDM2

ATVC4

MDMS

MDM4

A4 44

C=Command/Listen

L=Listen

COMPUTER/DATA BUS CONFIGURATION

4 4 4 4

Yy vy v Y

THE COMMAND
LISTEN MODE
FOR GPC'S
CAN BE RE-
CONFIGURED

-NORMAL
QUAD SHOWN

-SINGLE GPC
COULD COM-
MAND ALL 4
REDUNDANT
CHANNELS
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EXPENDABLE/REUSABLE TRADE STUDY

Expendable and reusable approaches to avionics mechanization
are considered. Locating LRB avionics on the orbiter to achieve
reusability is not a practical alternative due to greatly increased
interface wiring requirements that would be the result. Packaging
avionics to be separately jettisoned is also not practical due to
electrical interface disconnect problems. It is also doubtful that a
more benign recovery environment would be achieved by
jettisoning.

Cost of reusable avionics would be a minor increase over current
STS avionics mechanization costs. Environment seals and chassis
structures would need .to be improved. Costs of expendable avionics
LRUs would not be much less than reusable LRUs as long as LRB
avionics are required to be man-rated. No 'appreciaeble cost reduction
will be achieved unless class "S" requirements are removed in

recognition of a short mission life.
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STS Integration Impacts
No difference (unless functions can be moved to orbiter.)
Life Cycle Costs

- Very little DDT&E differences to upgrade hardware from
shuttle requirements.

- Expendable hardware will not be much cheaper as long as
class "S", man-rated, and redundancy requirements remain.
test effort may be slightly reduced.

- Cost of refurbishment is minor

E R
DDT&E .9 1
Score (10) (9)
Production 1 .1
Score (1) (10)
Support .9 1
Score ao (9)
(21) (28)
L7 10|

Performance

-No difference.
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aunch round Impa

Refurbishment and retest of electronics will be minor and O

probably performed at vendor facility.

Score 10 9

Qperational Complexity

-No difference.

Weight
Reusable may require a stronger structure, less than 10%
difference.
E R
Structure .9 1
Score ' [ 10 9 |
Maintainabil;
-No difference.
Technical Ris]
Reusable add risk of inadequate refurbishment.
E R
10 9

BIM32/s



Test Requirements

-Additional quality test requirements on reusable electronics.

E R
Testing .9 1
Score [ 10 9 |

rowth/Evoluti

-No difference.

Applicati

-No difference.
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TVC AVIONICS TRADE STUDY

Fluid injector, Hydraulic actuator, and Electromagnetic actuator
thrust vector control avionics mechanizations are considered for the
LRB. Hydraulic actuators are on the current SRB. The required
hydraulic system support would be nice to avoid.

Fluid injection is not a new, but infrequently used technique.
The only large scale use known is the Titan III solid rocket booster.
Valves (24) are driven by a servo motor control loop. Equivalent
gimbal deflection capability is suspect.

Electromagnetic actuators would eliminate the requirement for
hydraulic support or extra fluid weight. However, as far as the
avionics is concerned, it will require the most development and
requires the most complex on board mechanization. Since this trade
is cor:cerned with the avionics only, an EMA approach compares

unfavorably.
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DDT&E Costs

Function of LRU types and amount of development

required.
E H E
LRU Types 1 1 2
Score (10) (10) (5)
Development (5) (10) (2)
15 20 7
Total Score | 8 10 4
Life Cycle Costs

Function of DDT&E costs, production (LRU count) costs, and

operations cost

E H E
DDT&E (8) (10) (4)
LRU Count 4 4 12
Score (10) (10) (3)
Ground Operations
(Hydraulic Support) (3 (5) (10)
23 25 17
| 9 10 7
Operational C lexi
Function of requirements for supporting systems (Hydraulic,
power)
E H E
10 5 8
(Hydr.) (Ground Pwr)
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Performance
Hyd: Best (proven)
F. I.. Worst (LIMITED GIMBALLING)
EMA: Uncertain, not fully developed

E H
4 10 6

Weight

Avionics only weight (w/o batteries)

E H E
Weight 160 160 320
score 10 10 5
Recovery/Reusability
LRUs to be recovered
E H E
LRU count 4 4 12
score (10) (10) (3)

a iabili

Need for Hydraulic system reduces safety faction?

- ni f.

More LRUs reduces reliability -

AVIONICS ONLY E H E
LRU count 4 4 12
score (10) (10) (3)
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¥

BIM37/s

Size

LRU count
E
10
Technical Risks

EMA Technology development ~5
Fluid injection performance ~8

E
8

10
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ENGINE CONTROL TRADE STUDY

Both engine control candidates are based on the SSMEC engine
controller which is a man-rated device that uses class "S" parts and
in dual redundant.

Preliminary technical descriptions of the pump-fed and
pressure-fed engines have been used to establish comparisons to the
SSMEC controller. Input and output signal estimates have been used
to predict I/O requirements for estimates of card counts, size, and
power. The results have indicated that the pressure-fed engine

would require a less complex engine controller.
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DDT&E Costs

The input/output requirements of the pressured EC are 67% of
the pumped EC. The total card count of the pressured EC is 88% of
the pumped EC.

PU PR
Score 9 10
Life Cycle Costs
DDT&E, Production, and Operations
BU ER
DDT & E (9) (10)
Production 9) (10)
Operations (I/F) AN (10)
25 30
Score [ 8 10 |
0 ional C lexi
Function of the number of interfaces.
BPU PR
I/0 198 133
Score ‘ 7 10
R v R bili
No difference.
PU PR
10 10
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Size
Weight estimate based on SSMEC percentage and +28 vdc

power supplies.

PU PR
Weight 180 155
Score 9 10
Power
Power estimate found on SSMEC percentage.
PU PR
Power 350 328
Score 9 10
Safety/Reliabili
Inverse function of card count.
PU PR
Count 43 38
Score 9 10
Technical Ris}
No difference
PR
10 10
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Coils/Valve
(Number) Punction
L] L]
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? . Emergency Shucd T o -
? 741_\ Ml i POCO Precharge Comtrol >— A/ // XM W
1 Syscem Purge (He)
2 _..__Bleed Valve Control = = U I |
] hcburncr Shutdown Purgt L ——h oL NA
t Spare Pneu. Type | Solenoid - ~ o
Y] __ WOV Fallaafe T T B z ! S_ .
2 T OPOV Failsafs . PR S
2 FPOV Pailsafe e AL
2 __CCV Pailsafe ~a A
] MFV Pailsate !
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SSTwEe LB &Ec
Fomp PPESS
FED =,
VIOmCS OIVILON i 4
Honeywell ‘ 6
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Facameter Medundancy gensor Jange 1 J
Low Pressure Pusl Turtopump - ‘1
Discharge Pressuze (P1) 2 8 o )00 PEIA :
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[ 89\<1\— Oow rolley pousev Auw bers cwne 1n pareu ﬁ?n[s.
2. pow‘U\ PR S WP Q,agb.& -\_e.g ar oo P._,U\\JJQ e
%fec B T C o L powv\ d,uvv. aj'xo based Ov\
- oY Renduors e e%;w ~50*O <<
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8.91
5.16
4.42
6.33
1.32
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(750.24)

pSE T°+‘-l‘,'~(il= oVl x 8L.97

PSE Totul qar= 173.43 x 150,24

101.76
(1.90)

= 81.8{

L 147.18

(74.18) (147.18)

350.5
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CQIANNEL B RWER DISSTIPATIONS
TYPICAL FOWER MAYXIMOM POWER
(WATTS) (WATTS)
DU scp-p 10.63 15.47
DCU MEM 1 3.37 5.34
DU MEM 2 3.37 85.34
DCT MEM 3 3.37 5.34
DU MEM 4 3.37 5.34
CE 1 4.85% 8.77
e 2 4.47 7.44
= 3 4.19 7.90
CI= ¢ 4.84 8.79
CE 4 (CANEL C) 2.45 5.13
s 4.40 7.98
CIE 6 5.46 10.41
Ge"% IE ) 2.02 1.3> 2.82 1.8
1. IR 2 3.37 19 5.47 4.1
97 IB 3 2.71 2.49 5.00 4.0
91"7. IB 4 S-m 4.23 9007 7. 02
(o0 IE S 4.42 4.4 7.82 .92
«17. IR 6 (VSPE) NCNE IN CANNEL. B
VH 1 .53 1013 )
’O’l' G 1 6-“ CI Ol 10.91 a 'qz' T ole
$87. B 3 4.39 2.5% 6.37 3.70 3
alqca ‘/5 2-72 "3q ‘.15 2.47
517 CB 4/% 2.72 .39 4.15 2.1
SSQ.G 6 5.32 1-93 7-].1 3 '9'
g.CB 7 .66 .23 6.93 3.33
48 98.89 (8k.LL) 172,11 (130.4L)
50
PS ALl 36.9 72.8
S A12 16.12 2.12
P8 A1} 16.45 22.98
PS Al4 ." 5.60
FS A18 8.91 18.39
P8 Als 5.16 8.23
S A17 4.42 8.26
PS8 Al8 6.33 11.34
P8 AlS 1.32 1.47
FS A20 0.98 1.24
TOTAL B 100.36 199.3 169.43 341.8%
(8%.3 (11508) (148.12) (298.5B)
TOTAL A & B 401.9 692.0
(349.83) (5960

PIEThly e vlxgLle | gg 39
o 18,39

PSr Total puis 9. 43 % 15044 _ (48,12

72, 1y h
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PV\CSSLurt \.CA LRQ\ ’Blk T
TARLE 2.0-2
CGIANNEL B FOWER DISSIPATIONS
TYPICAL ROWER MAXIMM, POWER
(WATTS) (WATTS)
DU scp-p 10.63 15.47
DU MEM ) 3.37 5.34
DCU MEM 2 3.37 5.34
DCO MEM 3 3.37 5.34
DU MEM 4 .37 5.34
=1 4.8% 8.77
=z 2 4.47 7.44
c=® 3 4.19 7.90
CI=® 4 4.64 8.7
=T 4 (CANNEL C) 2.45 5.13
e s 4.40 7.98
CIE 6 8.46 10.41
47, I® ) 2.02 .99 2.82 114
539, I® 2 3.37 1.19 5.47 .34
54% IE 3 2.7 (. d( 5.00 1.0
Sou IE ¢ 5.03 1.52 9.07 4.34
oM I® S 4.42 4.9 7.82 1.8
IE 6 (VsPrE) NONE IN CHANNEL B
m 1 ‘ . -33 1013 :
EROY. BT . . 6.68 5.9 10.91 9.49
4B 2 1.65 0.85 7.93 4,77
58% CB 3 . 4.39 7.354 6.37 3.710
5% CB 4/ 2.72 .39 ‘4.1 Lo
517 CB 4/% 3.72 .39 4.15 2.2
58, R & 5.32 3.09 7.1 4.2
462,08 7 2.66 (.18 6.9 3.33
98.89 (92.63) 172.11 (j4323)
P8 ALY 36.9 72.8
S Al2 16.12 22.12
S Al) 16.45 22.98
PS Al4 3.7 5.60
PS AlS 8.91 15.39
P8 Als 5.16 8.23
FS Al17 4.42 8.26
PS Als 6.33 11.34
P8 AlS 1.32 1.47
FS A20 0.98 1.2¢
TOTAL B 100.36 199.3 169.43 341.8
(83.99) (1L6:49) (i41.00) (284.13)
TOTAL A ¢ B 401.9 692.0
(321.94) (560.07)

O™ Total rep = 100.34 x 83 .13 . 837.3%
98.89 ~

PIE Total ., = 109.43 x 143 23 = 141.00

172 .44
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AVIONICS INTERFACE TRADE STUDY

Existing interfaces should be retained for avionics that are
common to the SRB and LRB such as the RGAs, RSS system, and SEP
system. It is the new avionics required for liquid engine control and
support that present new interface requirements.

The SRB interface for TVC utilizes 72 wires to transport six quad
redundant functions. If these analog and discrete signals were
encoded into a serial bus, the wiring could be utilized for other
functions (including redundant serial buses).

If new serial channels could be added to existing MDMs they
would provide the serial buses required to service the new LRB
functions. However, the conversion of the flight critical bus data to
MDM serial bus data format will involve some transport delay. If the
added delay does not exceed 20ms it should not cause a control
problem.

If new ports could be added to the flight critical buses (involving
IOP software revisions), the transport delay could be avoided by

bringing the buses directly to the LRB via isolated taps.

BIM33/s



T ntegration_ Im

Wiring (interfaces)

T. Delay

ORB Hardware

ORB Software

DDTEE Costs

ORB Hardware

Software Mods

total
Score

MDM BUS A/D
16¢ch 4ch 300+
(8) (10) (1)
delay no no
(3) (10) (10)
4 cards 4 xfmrs 4MDMs,connectors
(8) - (10) (2)
GPC sw GPC +BUS GPC + BUS
[@H0)] (5) (5)
31 35 18
8 10 5 |
Function of Hardware Mods, Software Mods
MDM BUS A/D
4 cards 4 taps 4MDMs,connectors
(8) (10) (2)
(10) (5) (5)
18 15 10
10 9 7 |

BIM33/s
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if cl ost

DDT&E, Production, Operations

MDM BUS
card tap A&D
DDT&E (10) (9) (7)
ducti card + OIA OIA MDM
Score (5) (10) (10)
Qperations
I/F Count 16 4 >300
Score (8) (10) (1)
total 23 29 18
Score | 8 10 6 |
Qperational Complexity
Function of number of LRUs and interfaces
MDM BUS Anal/
serial tap Disc
LRUs 4cards 4taps MDM + connectors
(8) (10) (2)
I/F Count 16 4 300
(8) (10) (1)
total 16 20 3
Score [ 8 10 2|

BIM33/s
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leghnigg;l Risks
« ! Transport delay in serial MDM channel

« . Bus Arch mod for new taps

» Added Connector I/F

MDM BUS A/D
Transport Delay S 10 10
Bus Arch 10 5 5
I/F Count 8 _10 1
total 23 25 16
Score | 10 | 10 6 ]
fety/Reliabili
Function of component count (and redundancy)
MDM - BUS A/D
Count 4cards 4taps MDM + connectors
Score | 3 10 2 j

Subsystem Integration

Function of the number of interfaces

MDM BUS A/D
16 4 300+
[ 8 10 1 |

BIM33/s
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Growth/Evolution

Data bus interfaces provide easier function growth

capability than discrete wiring.

BIM33/s

MDM serial bus restricts options.

MDM BUS A/D
8 10 5
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ORBITER - — LRB
ORBITER P42 CHANNEL A
AVIONICS . TVC +SEP  <LAUNCH DB
+ ENGINE
LAUNCH D8
P43 CHANNEL C
ORBITER -TVC . RGA
28 VDC C ", +ENGINE « RSS
P45 LRBSYSC
ORBITER LRBSYS A PWR
28 VDC A PWR
ORBITER P41 CHANNEL B
AVIONICS . TVC + RGA - LAUNCH DB
-ENGINE - SEP
LAUNCH D8
P46 CHANNEL D
. TVC - RSS
« ENGINE
ORBITER Pa4 (RBSYS B
28 VvDC B PWR
_ e e —|-INTERNALPWR | —_ .- ___ ____
LAUNCH PROCESSING < GENERATION
FACILITY ! TBD PWR MCISMT & INTERNAL
GROUND POWER DISTRIBUTION POWER
1 | TBD
MONITOR &
DATA BUS CONTROL
1 NUMBER OF CABLES TBD

LEFT LRB CABLE CONNECTIONS
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COODE IDENT. NO. 03953

NUMBER REVISION LETTER PAGE
ne615-0006 Al B[ clo [ [ [ ] 317

itput channels between DM and the vehicle subsystem shall be half-duplex,
Manchester II bi-phase, at a l-megabit rate,

gl 3.2.1.4.1 Channel Interface. One serial-digital I/0 channel shall consist of the

following: (See Figure 8.)

a. Data

b. Word discrete output

c. llessage out diécrete output
d. Message in discrete output -

In orbiter operation, some channels, or message lines within a channel, may not be
connected to an external subsystem.

3.2.1.4.2 Cable. The cable used to transfer serial-digital data and enable signals
shall be a two-conductor twisted, single-shield, jacketed cable equivalent to a twin-
axial cable having 71 ohms plus or minus lO-percent impedance with a distributed
capacitanca no greater than 50 picofarads per foot. There shall be one cable dedicated
to the transmission of data words, one cable dedicated to message in enable, one cable
dedicated to message out enable, and one cable dedicated to word discrete.

3.2.1.4.3 Input/Qutput Circuit Characteristics. The message-in discrete, message-out
discrete, word discrete (Figure 9) shall be differential (double-ended) monotonically
changing discrete outputs. The output circuit shall be capable of driving no less than
150 feet of cable (see paragraph 3.2.1.4.2). The discrete output circuits shall be
electrically referenced to the MDM signal ground. Skew between signal outputs of the
differential driver shall not exceed 50 nanoseconds. Plus or minus 32 volts applied
through 320 ohms to any message or word discrete output line shall neither.cause MDM
malfunction nor affect MDM operation. This overvoltage shall appear only onm one line

at a time. The electrical characteristics of discrete output signals shall be as
follows:

Signal Parameter Characteristics
Type Differential output
Logic Level "one" . Plus 3.0 to 5 volts
Logic Level "zero" Minus 3.0 to minus 5 volts
Output Impedance =~ line-to-line 50 ohms (maximum) over the frequency range
ot line-to-ground of 500 kHz to 3.5 mHz and 100 ohms maxi-

mum from d¢ to 10 kiliz

Overshoot and Undershoot 0.25 volts (maximum)

FNAIA M 111 ~+—=2 ALV 2.70
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RATIONALE Page 1

STRUCTURED L ANGUAGE: A structured language will affect the following

criteria:

* DDT&E Costs: A highly structured software language will result in
lower DDT&C costs since it promotes the decomposition of tasks and
requirements into modular and finite modules which are easily
understood and maintainable. The DDT&E process will proceed in a
faster and more organized fashion by utilizing a structured language.

* Technical Risks: Structured software languages reduce technical risk
since large and complex tasks are implemented in a more straight-
forward and logical manner. Since structured languages implement
similar constructs, algorithms and techniques developed for previous
applications are easily ported across structured languages.

« Safety/Reliability: Structured software is easier to review and
understand. Extensive review and in depth understanding by the entire
team will be required to obtain safety and reliability confidence in the
application software.

* Test Requirements: Establishing test requirements will involve a
clear understanding of the system requirements and how to design tests
to demonstrate how the software meets those requirements. Structured
software provides a more timely and accurate approach to establishing,
conducting, and analyzing test requirements.

RATING
10 ADA is a highly structured language and goes beyond structure to
include:
e strong data typing
* packages
* generics
- - * extensibility
6 HAL-S is a structured language but dated compared to ADA
1 Assembly language can be forced to be structured, but is not
intrinsic to the language
9 C is a highly structured language and goes beyond structure to

include:

HML33
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» Strong data typing
» Pointer types

Page 2
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RATIONALE Page 3

EFFICIENT CODE GENERATION: Memory requirements are directly

related to the size of code generated by the compiler. The size of the
supporting runtime which is linked to the application software is also a
factor. Clearly a software language which supports re-entrancy and
recursion will reduce the size of the software load modules. Efficient code
generation will affect the following criteria:

STS Integration Impacts: During STS Integration, memory may be a
limited resource and changes in scope during STS integration could
result in exceeding available memory. An efficient code generator and
small run-time package would provide a margin for growth.

Technical Risks: A software language with an efficient code
generator with a small efficient runtime will result in fewer "surprises”
during DDT&E and IT&V. A smaller software load module requires less
memory thus reducing size, weight, and power requirements.

Safety/Reliability: Since a smaller software load module requires
less memory, fewer memory components are required which increases
safety and reliability of the overall system.

Subsystem Integration: The benefits of small load module for
subsystem integration are the same as for STS Integration.

'RATING

ADA currently is not as code generation efficient as C, Jovial or
Pascal. This due to the maturity of ADA and the previous
emphasis by vendors to be ADA compliant and certified. Now that
vendors are certified, their focus is efficiency for DoD real time,
size, weight, and power requirements. The number of users will
accelerate the maturity of ADA in a very short period of time.
Funding by DoD and NASA will support code efficiency
development activities. —

HAL-S is a general purpose language that has good efficiency.
Efficiency improvements, if any, will be smalil .

Assembly is as efficient as the programmer. Large software

projects are not performed efficiently in assembly language unless
strong design guidelines are enforced.
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10 C is very efficient for code generation. C is used extensively for
applications where efficient code generation is a requirement.
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REAL TIME CAPABILITY: A software language must provide efficient

algorithm generation and provide a deterministic scheduler/dispatcher to
meet the real time requirements of a controller. The code generator must
optimize and avoid extensive looping, indirect addressing modes, and CPU
intensive instructions whenever possible. The scheduler/dispatcher must
provide for a variety of scheduling/dispatching options and support a
deterministic major/minor cycle environment. The real time capability will
affect the following criteria:

* DDT&E Costs: The robustness of real time features will reduce DDT&E
costs because if they are not available, the SE features will have to be
developed or alternative approaches developed.

. Technical Risks: Lack of real time features will increase technical
risks as "kludges” and "workarounds" are implemented.

« Safety/Reliability: Development of "kludges” and "workarounds” to
compensate for lacking real time features of a software language result
in decreased safety and reliability of the system. "Kludges and
"workarounds” are intrinsically difficult to verify.

* Subsystem Integration: Many real-time issues surface during
integration to the subsystem. "Kludges" and "workarounds” add
significant time and cost to the subsystem Integration effort since it
ripples back to the DDT&E effort, frequently when the DDT&E effort is
considered done.

¢« Test Requirements: A software language which provides real time
features make test requirements easier to define since real time
"kludges” and "workarounds" don't have to be tested.

-~

RATING
7 7 ADA currently has a poor performance in real time. This is due o
vendor emphasis on compliance and certification. Now that
vendors are certified, the emphasis for DoD and NASA contracts is
for ADA to provide real time capability. Real time capability for
ADA is imminent.
5 HAL-S is a general purpose language and has not been used

extensively for real-time applications.

HML33
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10 Assembly language is real time and subject to the designers
ability to design real time software. Real time schedulers and
dispatchers are readily available.

10 C language has real time support and is utilized extensively for
real time applications.

L&
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MATURITY: The maturity of a software language assures that previous
testing and evaluation has refined the software language. Intrinsically, new
software languages have a repertoire of "extensions" to provide features and
functionality not originally designed into the software language. Maturity
will affect the following criteria: .

DDT&E Costs: Mature software languages present fewer "surprises”
during the DT&E phases of a project. Planning and scheduling are more
accurate with a mature software language since there is usually a
history available for estimating. Previous programs have many
modules which can be utilized for the current program.

Technical Risks: Technical risk will be lowered by using a mature
software language since there is a performance record and experience
base with mature software languages.

Safety/Reliability: Since there are fewer "surprises” with a mature
software language, safety and reliability would be increased.

Subsystem Integration: Mature software languages generally have
hardware and software support tools which have been developed for
the integration effort. ‘

Test Requirements: Test requirements are more easily defined and
tested when there are hardware and software integration support tools
available with a knowledge base and track record.

RATING

ADA is not mandates currently mature, but with the strong
investment by vendors, the mandates of NASA and DoD, and
subsystem contractor investment, ADA will mature faster than
any previous software language. ADA is the first language to have
a validation sweet so_that_maturity is less of a risk.

HAL-S is mature but has few applications beyond Shuttle.

10 Assembly language is mature.

10 C is a mature language with many applications developed for

commercial and DoD applications.

HML33
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COMMONALITY.: Commonality in hardware and software has become a

~driving force and a primary requirement for future space programs. A
'common set of software development, testing and integration tools is the
. emphasis of the SSE. GFE equipment, a large vendor user base, and NASA

» Ssponsorship will provide a broad capability for software development.
- Commonality will affect the following criteria.

* DDT&E Costs: GFE equipment and a large vendor user base will

provide additional DDT&E cost benefits beyond the obvious benefit of
common and re-useable elements in software.

*  Technical Risk: Commonality will greatly reduce technical risk since
a widely distributed knowledge base will be available for common
elements.

¢ Safety/Reliability: Commonality will enhance safety and reliability
due to re-useable elements that have been previously tested and
verified.

*  Subsystem Integration: Commonality will provide a complete set of
support equipment for subsystem integration which should improve
cost and schedule for subsystem integration.

*« Test Requirements: Since commonality will provide a well-defined

- and documented set of hardware and software support equipment, test
requirements should benefit by the available equipment and
documentation.

RATING

10 ADA is designed for commonality. The available packages for
ADA will grow at an exponential rate.

1 HAL-S is common to HAL-S and will have no legacy into future
space programs. '

1 Assembly language will have no legacy into future space
programs.
1 C is not specified for implementation into Space Station.

. HML33
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GROWTH: Growth can occur throughout a program as well as once a
program is completed through changes in requirements and scope. These
changes can affect every phase of a program and often do. The growth
capability of a software language centers around how well the software is
structured, documented and implemented. Growth capability of a software
language will affect the following criteria:

STS Integration Impacts: Changes in scope and requirements during
STS integration will be implemented faster with a software language
that accommodates growth.

DDT&E Costs: Evolving requirements during the DDT&E phase are
more easily integrated by a software language that accommodates
growth which results in lower cost.

Technical Risks: A software language which accommodates growth
provides lower technical risks for all phases of a program.

Safety/Reliability: A software language which accommodates growth
results in fewer overall changes for a given change in scope or
requirements thus increasing safety and reliability.

Subsystem Integration: Any growth changes which occur during
subsystem integration can be implemented quicker by a software
language which accommodates growth resulting in a shorter subsystem
integration phase.

RATING

10

ADA is designed to accommodate growth more than any other
software language because ADA is independent of architecture
and operating system environments.

HAL-S is_a_structured language and can accommodate growth.

Assembly language applications are tightly coupled and generally
not designed for growth.

C language is designed to accommodate growth.

HML33
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ELEXIBILITY: A flexible software language provides for loose coupling
between software modules and a system environment which allows

portability of modules. A flexible software language will affect the following
criteria:

* DDT&E Costs: Flexibility is a key feature during the DDT&E phase
- when design options are being traded-off and changes are affecting
design. A flexible software language can significantly shorten the
DDT&E phase and significantly lower cost.

* Technical Risks: Flexibility can reduce technical risk when a variety
of design options are available.

* Test Requirements; Flexibility allows for test software to be inserted
and removed easily. In vivo testing becomes easier and test
requirements can benefit by working within the software environment
as well as outside the software environment. —

RATING
10 ADA is highly flexible by design.

5 HAL-S because it is structured, is viewed to be flexible.
1 Assembly language applications are intrinsically not flexible.
10 C is highly flexible by design and has bred success in porting

across architectures and systems.

14
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COMPUTER TEST EQUIPMENT: Micro and mini computers are beneficial

as test consoles for software development and integration. A software
language that would also target into commercial micro and mini computers
would provide a more efficient DDT&E and IT&V environment, through
reduced training, overall configuration control and better utilization of
human resources. A software language which could be targeted for
computer test equipment would affect the following criteria:

« DDT&E Costs: Software personnel could be better utilized and
development time reduced for computer test equipment if the
candidate software language could be utilized in the computer test
equipment and the application.

* Subsystem Integration: Computer test equipment is heavily utilized
during the subsystem integration phase. A homogeneous software
development environment for application and computer test equipment

—software would reduce the interface complexity between the
development engineers and test engineers.

RATING
10 ADA is available for micro and mini computers as well as
‘mainframes.
1 HAL-S is only available for STS GPC computers.
5 Assembly language is available for any computer, but very

laborious to implement for test equipment.

10 C is available for micro and mini computers as well as
mainframes.

14

HML33



('Rl

<

RATIONALE Page 12

DOCUMENTATION TOOLS: A software language which offers an
integrated set of documentation tools such as PDL (Program Description
Language) processor helps to tie the requirements definition and
verification process to the DT&E and IT&V processes. Document outlines
from the requirements documents can be used as templates for the
application and test software development process. Management also
benefits from documentation tools which are integrated with the
development tools. Error reporting and problem tracking are more
automated with documentation tools. Documentation tools will affect the
following criteria:

* DDT&E Costs: The process of turning requirements into design is aided
by documentation tools. The process of assuring that the design is
meeting the requirements is made more obvious by the use of
documentation tools.

* Subsystem Integration: The process of subsystem integration is
aided by documentation tools since documents are more standardized
and information is easier to find.

* Test Requirements: The definition -of test requirements can proceed
along with the DDT&E process easier since documentation is automated.

RATING

10 ADA vendors are supplying every documentation tool envisioned
to maintain a competitive edge.

2 HAL-S has documentation tools but they will not keep pace with
ADA.

1 Assembly language does not intrinsically provide documentation
tools.

8 C has many documentation tools but these tools will keep pace or

be compatible with these.
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SOFTWARE DEVELOPMENT TOOLS: Software development tools are both

hardware and software. Real-time support systems, in circuit emmulators,
symbolic debuggers, language sensitive editors, etc. are all tightly coupled
with a software language and in most cases, the vendor supplying the
software language. Software development tools will affect the following
criteria:

* DDT&E Costs: Software development tools are essential during the
DDT&E process. The quality and fidelity of the tools will have direct
impact on the DDT&E process.

* Technical Risks: Software development tools can lower technical risk
because they provide the ability to detect and identify technical
problems in the hardware and software early in the test and evaluation
phase and later in the integration phase.

* Subsystem Integration: The integration of real time software with
subsystems is greatly aided by software development tools. Test
equipment alone is often not enough to perform the subsystem
integration process.

 Test Requirements: The capabilities of software development tools
during the IT&V phase aids in the generation of test requirements.

RATING

10 ADA has a very complete set of software development tools and
these tools will continue to be state of the art with DoD and NASA
support.

3 HAL-S will not keep pace with ADA in the area of software

development tools.

4 Assembly language inherently must have a minimum set of
software development tools.

9 C has a very complete set of software development tools.

HML33
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